There is increasing evidence that citations to Chinese research publications are rising sharply. A series of reasons have been highlighted in previous studies. This research explores another possibility-whether there is a "clubbing" effect in China's surge in research citations, in which a higher rate of internal citing takes place among influential Chinese researchers. Focusing on the most highly cited research articles in nanotechnology, we find that a larger proportion of Chinese nanotechnology research citations are localized within individual, institutional, and national networks within China. Both descriptive and statistical tests suggest that highly cited Chinese papers are more likely than similar U.S. papers to receive internal and localized citations. Tentative explanations and policy implications are discussed.
Introduction
China's rise in science in general and particularly in some cutting-edge fields has been widely documented (Adams, King, & Ma, 2009; Zhou & Leydesdorff, 2007) . Evidenced by the number of publications indexed in the Web of Science (WoS), China's scientific output has demonstrated rapid growth. In 2005, China was ranked fifth by a number of scholarly publications across all disciplines, after the United States, the United Kingdom, Germany, and Japan (Organisation for Economic Co-operation and Development [OECD], 2007) . By 2010, China had moved to second place in terms of publication output after the United States (Moiwo & Tao, 2013; Zhang, Patton, & Kenney, 2013) . A 2020 target to rank among the world's top-five countries by aggregated scientific paper citations was set by Chinese government planners in 2006-a target that was achieved in 2012 (Bound, Saunders, Wilsdon, & Adams, 2013) . While normalized citation impact measures for China's research papers as a whole are still below those of the United States and other leading science nations, Chinese research publications are increasing in quality and visibility, with several fields in China now at or close to the respective world citation impact averages. Chinese citation averages are relatively high in mathematics and agricultural sciences, and have grown strongly over the last decade in such areas as computer science, space science, biology and chemistry, and materials science (Bound et al., 2013; Moiwo & Tao, 2013) . In the nanotechnology domain, China as of 2010 published the most WoS-indexed papers (Kostoff et al., 2012; Tang & Shapira, 2011a; Zhou & Leydesdorff, 2007) . Kostoff (2012) found that the number of China's highly cited papers, or "heavy hitters," in nanotechnology continues to grow. When benchmarked with other leading countries, the citation gap of Chinese nanotechnology papers has narrowed over the years (Hu & Rousseau, 2013; .
What are the drivers behind China's rise in citations? Several accounts have been explored in previous studies. One explanation is that the quality of Chinese research has been increasing over time, with better papers being published in journals with higher impact factors, which in turn leads to them attracting more citations (Appelbaum, Parker, & Cao, 2011; Guan & Ma, 2007) . Suttmeier, Cao, and Simon (2006) posited that the fierce competition among the numerous Chinese scientists has pushed forward better research. Jin, Rousseau, Suttmeier, and Cao (2007) highlighted the role of diasporic linkages in China's internationally collaborative research. In a study conducted by Tang (2013) , Chinese knowledge moderators, who collaborate intensively with both Chinese and U.S. researchers, have facilitated China's rise in research quality. Other scholars have argued that China's research is now more visible and understandable to the global community, evidenced by the growing numbers of Chinese publications written in English and greater indexing of Chinese journals in the WoS (Huang, Notten, & Rasters, 2011; Lin & Zhang, 2007; Ren & Rousseau, 2002) . Some studies have further suggested that more Chinese papers are published in heavily cited research disciplines such as physics, bioscience, and interdisciplinary research (e.g., Shapira & Wang, 2010) . Still others have posited that rising citations are due to China's rapidly expanding collaboration network, especially at the international level (Adams et al., 2009; Costas, van Leeuwen, & Bordons, 2010) .
In this article, we examine yet another possibility: Chinese researchers are more likely to be cited by internal and localized networks within their own country than are their counterparts in other nations. Using nanotechnology as a test bed, we explore whether there is a "clubbing" effect in China's growth of research citations. The article is organized as follows. The next section briefly reviews extant research related to self-citations and clubbing phenomena in forward citations. A description of data sources and methods follow. We then examine a set of highly cited Chinese and U.S. nanotechnology publications to explore the factors underlying citations and apply regression modeling to test for country differences in "clubbing" effects. The article concludes with a discussion of tentative explanations, limitations, and policy implications.
Background

"Clubbing" Effects on Forward Citations
The concept of "clubbing" has been used in research that has examined situations where elite authors extensively cite each other (Opsahl, Colizza, Panzarasa, & Ramasco, 2008) , or more broadly to understand the development of dominant communities of researchers in science (Colizza, Flammini, Serrano, & Vespignani, 2008) . Stimulated by this notion, this study looks at the clubbing of forward citations of Chinese highly cited research and compares it against U.S. counterparts. We want to ascertain if there exists a national difference in clubbing effects between the two countries. To refine and operationalize the phenomenon of clubbing associated with citation impact, we first review several relevant issues, including discussion about the potential role of selfcitation. Self-citations are not necessarily the same as the internal citations represented in the clubbing effect from the perspective of the individual author, but the concept is analogous at the country level.
Citation and Self-Citations
Citation is a generally accepted proxy of research quality or, to be more accurate, of visibility or scientific impact (Garfield, 1979; Redner, 1998) . One noise factor in the citation indicator is self-citation; that is, when an author cites his own research (Moed, 2002; Noyons, Moed, & Luwel, 1999) . The potential confounding effects of self-citation have been widely discussed in the bibliometric community. Some scholars have argued that self-citation significantly affects results and have called for the removal of self-citations in impact measurement. Van Raan (1998) demonstrated that the fraction of self-citations is higher in collaborative papers and especially in international coauthored research. Hall, Jaffe, and Trajtenberg (2001) noted that by interacting with the phenomenon of citation truncation, self-citation spillovers have an upward bias on coefficients in more recent cohorts.
On the contrary, others have argued that at the macro level, or when a sufficiently large number of publications are examined, there is no need to exclude self-citations (Glänzel & Meyer, 2003; Glänzel & Thijs, 2004a; Pichappan & Sarasvady, 2002) . According to a survey conducted by Bonzi and Snyder (1991) , there are no significant differences in the motivations for self-citations and citation to others. Persson, Glänzel, and Danell (2004) argued that the self-citation rate of collaborative papers has a diminishing effect on citation inflation. Based on an analysis of 1991 to 1999 self-citations, they found that not only did the absolute number of self-citations increase to a lesser extent than did non-self-citations but also the relative shares of self-citation decreased slightly over time. Rehn and Kronman (2008) further explained that this decline may be because scholars' citing behavior in scientific communication is mostly meritbased. They speculated that authors in the United States cite themselves more than the average amount, albeit without empirical evidence. Combining both perspectives, Gedik (2012) , in his recent study, posited that whether to remove self-citations is debatable because inclusion overestimates localization while exclusion of self-citations underestimates localization.
Relatively little research has been devoted to the analogous clubbing effect of internal citations among a group of elite researchers, with few exceptions on own-group preference on languages and journals. Yitzhaki and collaborators (Bookstein & Yitzhaki, 1999; Egghe, Rousseau, & Yitzhaki, 1999) developed an indicator of relative own-language preference to depict the citing behavior of own-group preference on the language aspect. Ren and Rousseau (2002) analyzed the internationality of citations received by Chinese journals in the fields of physics and chemistry. Focusing on 18 Chinese journals in the Institute of Science Index (ISI) in 1998, they observed that many citations of Chinese journals originated from other Chinese journals. Later, based on inequality theory and a weighted Lorenz curve, Egghe and Rousseau (2004) proposed a framework to measure owngroup preference. Despite these works, it is not clear to what extent the clubbing of citations influences the total citations received at micro (individual), meso (institutional), and macro (national) levels. It also remains unknown whether the extent of citation clubbing varies by country.
Methods
Data
We combine text mining and regression analysis to examine the clubbing phenomenon among highly cited U.S. and Chinese nanotechnology papers, or "heavy hitters."
1 The selected domain is nanotechnology, which was chosen because of China's rapid emergence in this multidisciplinary domain in both research quantity and impact. We focus on heavy hitters because they account for a large proportion of citation output in highly skewed publication and citation data (Allison & Stewart, 1974; Kostoff, 2012; Lotka, 1926; Phelan, 1999) .
Our database consists of two parts. One contains papers of heavy hitters while the other contains all articles which have cited these heavy hitters. We use the Georgia Tech global nanotechnology publication data set (2011) to identify heavy hitters' nanotechnology articles. For more details on how this large-scale data set was created, including its multistage complex Boolean search strategy, please refer to Porter, Youtie, Shapira, and Schoeneck (2008) and Youtie et al. (2008) . We confine our cross-country comparison to the two most actively publishing nations: the United States and China.
2 The top-20 most cited nanotechnology articles for the single years of 2000, 2004, and 2008 were selected for the United States and China, respectively, which resulted in 120 seed articles (i.e., 20 × 3 × 2 = 120). The initial year reflects the period just before the introduction of China's National Development Plan for Nanoscience and Nanotechnology (comparable to the U.S. National Nanotechnology Initiative, which was introduced several months earlier). The middle period represents a phase of moderate growth in China's nanotechnology publications. The latter period covers a phase of rapid growth of nanotechnology publications. The full bibliographical data of these articles' forward citations (N = 62,338) were accessed in September 2011 and linked with each of the 120 seed articles. For the heavy hitters, only original research articles are included. We did not differentiate fields when selecting highly cited articles so that we can observe whether differences between citation patterns of highly cited research by the United States and China also vary by field (although all highly cited seed articles fall in the nanotechnology domain). We stop at the 2008 cohorts to capture recent research developments in nanotechnology, yet allow time (at least 2 years) for each article to garner citations.
For the citing data set, we follow common practice and have included three types of documents: normal articles, review articles, and letters. Other types of papers (e.g., meeting abstracts, proceeding papers, corrections, and biographical items, etc.) have been removed. Several rounds of data cleaning and standardization were conducted, with the aid of VantagePoint software, 4 which included automatic name matching developed by Tang and Walsh (2010) and manual validation.
Analysis of Results
Basic Descriptives
Unsurprisingly, all 120 heavy hitter nanotechnology papers are written in English. Articles written in English are more likely to be cited by researchers than are other papers of the same level of quality (Hu, Carley, & Tang, 2012; Liang, Rousseau, & Zhong, 2013) . English is now the key language of communication in the global scientific community, although we also need to keep in mind limitations in the coverage of non-English language journals in the WoS.
U.S. authors take a leading role in China's most cited nanotechnology research. Among China's top-60 heavy hitting nanotechnology papers, 24 are coauthored with scholars outside China, and 13 of these have U.S. collaborators. In sharp contrast, none of the U.S. heavy hitting nanotechnology papers involve a Chinese coauthor.
Tables 1 compares the collaboration profiles of the U.S. and Chinese cohorts. Echoing Aksnes (2003) , we find that heavy hitting nanotechnology papers are typically multiauthored, multi-affiliated, and often internationally collaborative. The median number of authors per paper is 6 for the United States and 5 for China, but Chinese scholars are slightly more likely to collaborate across research institutes and national boundaries (Table 1) . Citations to our 120 seed articles range from 43 to 2,362 (M = 416, SD = 43). Journals in which these citing articles appear include high-profile sources such as Nature (2011 journal impact factor = 36.28) and field-specific journals such as Solid State Communications (2011 journal impact factor = 1.65).
5 Table 2 lists the top-five subject categories and journals in which Chinese and U.S. heavy hitters published. Regardless of the small size of our heavy hitter set, which is sized as such because it comprises the most highly cited publications, U.S. and China cohorts are quite comparable in terms of publication journals and research foci (Table 2) .
We next examine the citation distribution of the heavy hitting nanotechnology papers (Table 3 ). The United States easily leads China in all absolute counts of citations. Against the expected decreasing trend of citations due to citation truncation, the total number of citations to Chinese 2004 cohorts surpassed that of the 2000 cohort. The number of U.S. articles citing China heavy hitters varies by year, the proportion of U.S. papers citing Chinese heavy hitters increases over time: from 16% in 2000 to 17% in 2004 and to 22% in 2008. We do not find the same pattern for U.S. heavy hitters, which may suggest an increased research impact of Chinese-authored publications over time. Additionally, Chinese publications accumulate a substantially greater share of citations from China than do U.S.-authored papers. As demonstrated in the table, 52% of papers citing Chinese heavy hitter articles are from China while only 36% of papers citing U.S. heavy hitters are U.S.-authored.
The clubbing effect of Chinese forward citations is not confined to the national level alone; it also is evident at the institutional and individual levels within China. Figure 1 presents box plots which display the proportions of withininstitution, individual, and country-level citations for China and the United States. As illustrated in Figure 1 , almost all box plots for China (except the clubbing share at the institutional level in 2008) are longer than comparable U.S. groups, indicating that overall, Chinese publications are more heterogeneous than are the U.S. counterparts in terms of the clubbing effect. In addition, without exception, all box plots associated with Chinese-authored publications are noticeably higher than are the equivalents for the United States, suggesting that Chinese researchers tend to internally cite their own work to a greater extent at all three levels.
Statistical Regression
The descriptive statistics suggest that a larger proportion of Chinese nanotechnology research citations are localized within individual, institutional, and national boundaries. We next test whether these distinctions hold when controlling for confounding factors such as research domain, extent of collaboration, and year. Our null hypothesis is straightforward:
H0: China's research has a stronger citation clubbing effect than does the United States.
The alternative hypothesis is:
H1: There is no statistical country-level difference in the citation clubbing effect between China and the United States.
The regression model is as follows:
Y X where Y represents a clubbing effect
Xi is a vector of characteristics impacting Yi, and εi is an error term. Table 4 presents variables and measures in this section.
Measurement
Dependent variable. We measure the clubbing effect from three dimensions of within-level citation (micro, meso, and macro levels). For each heavy hitter, we calculate These three outcome variables are proportions bounded by 0 and 1 inclusive. For individual self-citations, we confine our analysis to primary authors due to well-known author ambiguity issues (Galvez & Moya-Anegon, 2007; Onodera et al., 2011) Independent variable. Our explanatory variable is China's heavy hitters (i.e., a highly cited Chinese nanotechnology articles). This is a dummy variable, and we code it as 1 if the heavy hitter involves at least one scholar from China; otherwise, it is coded as 0.
Control variables.
Collaboration scope. Both forward citation and internalcountry/institution/individual citation distributions are functions of a variety of factors. Glänzel and Thijs (2004b) found that the number of coauthors has less effect on self-citations than it does on external citations. Costas et al. (2010) found that the number of research centers is positively correlated with individual self-citations. Drawing on this line of work, we have estimated three collaboration-scope variables: AFFILIATIONS (number of organizations with which the authors are affiliated), AUTHORS (number of coauthors), and COUNTRIES (number of countries in which the organizations are situated). International collaboration. In parallel with its investment in domestic-research activities, China has increasingly integrated itself into the international-collaboration arena. Previous studies have suggested that there is a positive correlation between international collaboration, particularly Sino-U.S., and cumulative citations (Tang & Shapira, 2011b . To remove the confounding factor of collaboration beyond national borders, we add two dummy variables US_CNCOL (Sino-U.S. collaboration) and OTH-COLLAB (third-country collaboration) in the regression model.
Research domain.
The extent of citation clubbing also varies substantially by research field (Snyder & Bonzi, 1998) . We adopt the mega field approach developed by Porter and colleagues (see Garner, Porter, Borrego, Tran, & Teutonico, 2013; Porter & Rafols, 2009; Porter & Youtie, 2009) and apply it to the subject categories in our data set, which returns five metadisciplines: Biology and Medicine, Physical Science and Technology, Environmental Science and Technology, Psychology and Neurology, Computer Science, and Engineering (The original list has six metadisciplines, but we excluded the Social Sciences category because it is outside this study's scope). We then generate a set of five dummy variables and add them to the regression model to control for research domain effect.
Year cohorts. Intuitively, research is often noticed and cited by people working in the same or closely related groups before coming to the attention of other groups (Gupta, Campanha, & Pesce, 2005) . Taking the temporal effect of within-group citations into consideration, with years representing closely related groups, we add two dummy variables for publication years in the regression model. The reference year is 2000. Summary descriptive and correlation statistics (Tables 5 and 6 ) indicate no significant issues for the regression. Unsurprisingly, AFFILIATIONS and COUNTRIES are highly correlated, but they appear in different models, so this level of correlation does not affect the regressions.
Regression Results
Density plots show that dependent variables follow a conventional generalized linear model (GLM) distribution. Considering the nature and distribution of the three outcome variables, we adopt the fractional logit regression approach proposed by Papke and Wooldridge (1996) . STATA Version 12 was used for modeling.
As illustrated in Table 7 , it is clear that there are significant country differences in clubbing effect (HCP_CTRY) at all three levels. Chinese researchers are more likely than are their U.S. heavy hitter counterparts to internally cite work at the country, institution, and individual levels. For robustness testing, we also ran multivariate regressions, as these three outcome variables represent a loosely defined clubbing effect. As shown in Table 7 , the results are similar to those obtained in GLM regression. All p values associated with the overall model are less than .0001, indicating that the multivariate analysis of variance model is statistically significant regardless of what type of multivariate criteria are used. The independent variables explain 14, 46, and 42% of the variance in the outcome variables CLUB_PERSON, CLUB_INST, and CLUB_C-TRY, respectively. We did not observe consistent patterns of effects from other variables such as research disciplines, publication years, international collaborations, or collaboration scopes.
Discussion and Conclusion
Major Findings
This study contributes to further understanding of China's rising research paper citations. As discussed earlier, there are several perspectives on the causes of China's rapid growth in citations. Some deem this citation growth to be a valid indicator of China's rise in science from a research-impact perspective. Behind this type of argument lies an assumption that citation is a merit-based indicator. Others have argued that the growth of citations to Chinese articles also is a function of the expansion of research output or rising-quality association with greater international collaboration. Our study identifies another explanation for China's fast rise in research impact from the perspective of forward citations. We find strong support for our conjecture that there is a Chinese clubbing effect with respect to citation. Both descriptive and statistical tests have suggested that highly cited Chinese papers are more likely than are similar highly cited U.S. papers to be cited by works from China and from the same institution or author; that is, substantial citation differences between U.S. and Chinese highly cited papers exist at all three levels of internal citation.
There are several compelling reasons for Chinese scholars to internally cite their research. China's science and technology evaluation system is undergoing a significant change, with increasing emphasis on WoS-indexed publications, top journals based on journal impact factor, and cumulative citations counts (China Education Daily, 2012) . This provides powerful incentives for placement of articles in journals indexed in the WoS (see discussion in Hvistendahl, 2013) and for seeking citations wherever they are available-and they are most readily available from internal Chinese sources. The norms of interpersonal relationships (guanxi) in China may lead Chinese scholars to cite the work of their colleagues in the same institute, who they meet frequently, or leading scholars in their own country, who have an influence in proposal review and external evaluation for promotion. It also is plausible that a high concentration of Chinese research on specific topics, as designated by Chinese funding agencies, can lead to a higher clubbing effect in China. Wang (1992) and Tang (2007) indicated that Chinese researchers may be exceptionally inclined to pursue or even shift to designated hot topics initiated by funding agencies. When a growing number of Chinese researchers work on the same or related research topics, the internal citations among these authors naturally increase. Our model includes controls for broad field areas (metadisciplines), and these coefficients were not significant, but perhaps a more fine-grained approach to field-effect specification would yield greater distinctions.
The clubbing effect of citation to Chinese research is not the whole story, however. The evidence in support of a clubbing effect does not necessarily invalidate the other explanations. As expected, our data indicate that U.S.-based authors are leading international collaborators in China's high citation impact nanotechnology research. Our results indicate that U.S. scholars increasingly cite Chinese nanotechnology research. A recent study conducted by Kostoff (2012) has suggested that China's fast-growing citations are highly associated with the emergence of heavy hitters. We extend his findings by suggesting that not only is the quantity of China's heavy hitters growing but this very core of Chinese heavy hitters is attracting an increasing number of external citations.
In addition to serving as an indicator of international impact, citations have been depicted as trails of knowledge flow among different entities (Chen & Hicks, 2004; Cronin & Overfelt, 1994; Jaffe, Trajtenberg, & Henderson, 1993) . Our study shows that a larger proportion of citations to Chinese research are localized within individual, institutional, and country levels. One might argue that a higher propensity of Chinese scholars to cite research from their own country and institute may suggest a greater exchange of localized scientific knowledge in China than in the United States.
Limitations and Future Study
We acknowledge that our research has several limitations. The year selection and the small sample size limit the generalizability of our findings. Challenges in cleaning and disambiguating author names as well as the need to focus on truly highly cited papers necessitated that we work with a manageably sized set of seed and citing articles. Future work could extend this sample size, albeit with the caveat that some falloff in citation quality occurs the more the sample is extended. We did not observe that field and temporal variables had significant influence on clubbing effects. More fine-grained measurement of both done with larger sample sizes in future work may yield greater differences. Finally, this study on the clubbing effect in China versus the United States is based on secondary data. It would be useful to use interviews and other primary data methods to further probe why there are differences in the internal citation propensities of U.S. and Chinese researchers. It also would be interesting to further explore author networks of Chinese-born researchers working in the United States, and the possible effects of these Chinese-born researchers on increases in U.S. citations to Chinese research.
Policy Implications
Ideally, the production, accumulation, and exchange of scientific knowledge proceeds in an open pattern (Popper, 1963) , although it has long been recognized that institutional factors also affect how knowledge advances (Kuhn, 1970) . Undoubtedly, internal citation is an indispensable element in the research-exploration process. Important work should be recognized and built upon wherever it is developed. Yet, self-citations-and by extension, our representation of them as internal citations-introduce risks to the merit-based circulation of knowledge beyond the original knowledge producers (Costas et al., 2010) . How should the influence of internal and localized citations be assessed when evaluating the research performance and impact of an individual scientist, a research unit, and countries? This question is becoming increasingly important today, as the global research landscape is evermore populated by emerging economies. China's growing influence on science as measured by publication numbers and citations has attracted worldwide commentary and discussion. Given the sheer size of the Chinese research sector, and considering the scale and growth of Chinese research and development personnel, the question arises: How does the preferential citing of Chinese papers by other Chinese papers distort quantitative measures of the impact of national scientific outputs?
The caveats associated with using citation for assessing research impact have been extensively discussed. Despite increasing awareness of discredited citation, negative citation, over-self-citation, and even the selling to Chinese researchers of authorships in potentially well-cited papers (Hvistendahl, 2013) , a majority of existing studies have treated citations homogeneously regardless of temporal or contextual features (Cardillo et al., 2013; King, 2004; Taylor, Perakakis, & Trachana, 2008) . Our study provides some evidence of the heterogeneous nature of citations from a national-origin perspective. Depending on what one tries to measure, simple citation counts themselves may veil important and influential underlying practices. Simple evaluation criteria such as publication quantity, journalranking placements, and paper citations are increasingly adopted by the stakeholders who oversee research funding and personnel promotion decisions (Lawrence, 2003 (Lawrence, , 2007 . Our findings add further weight to those who argue for caution in how quantitative measures of research impact are interpreted and used-and to be sensitive as to how such measures may in turn reflect, or indeed influence, particular research-community practices.
